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5. They are equally applicable to very high and very low falls. 
6. They are equal in power to tile best overshot wheels. 
7. They may vary greatly in velocity without losing power. 
8. They are very compact, and occupy but little room. 
9. They may be very aecm'ately regulated, to an uniform speed, 

by means of a governor connected with the annular sluice gate. 
10. They arc perfectly simple and not likely to get out of order. 
11. They are not very expensive. 
12. They are very durable. 
These, it seems to the writer, are twelve good reasons, for the adop- 

tion of turbines as the motors in all future mills erected in this country 
-- indeed they would flflly justify the substitution of them in place of 
most of the wheels now in use upon our mill seats; for either upon 
one account or another, the turbine is superior to all other water 
wheels, and consequent@ musl be regarded as the very best hydraulic 
motor nolo ],'rtow~ to mee]t(t~ic.~. 

Phil(tdell#da, ~,~tT~l. 1, 1842. 
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Cost of Trans])orlalio~t o~z Railroads'. .By C, ELLET, JR., C. E. 

Lco. ' ,"rl_~y~:~) ~uto.~t rx / ;1 , :  2 3 3 . ]  

On lhe t~elalive Values o f  Distances and Gradienls. 

In the preceding munbers I have oflbred convenient and appro- 
priate formulas for computing tile cost of transportation on railroads, 
and determining the effect produced on that cost by variations in the 
acclivity of the limiting gradients .  I propose now to ascertain the 
value of any increase or diminution of the length of the line in terms 
of that grade; that is to say, to determine how many feet per mile the 
steepness of the limiting gradient may be increased for the purpose of 
saving one mile of distance; or what increase of distance will be justi. 
fiable in the development of a road for the purpose of reducing the 
line to a level, or of saving any given amount in the rate of ascent 
of the limiting gradient. 

For this purpose we will recur to our formula (B), which expresses 
the annual charges of the company, and write it t h u s ~  

( 2 C 2 0 + x ' t '  c t  ' ' 1 4 t  ) ~o----W- + + ~ + 500 h; 

in which x' is put for the empirical, or accidental grade, in feet per 
mile, which it is desirable to relieve; l' the number of tons gross which 
annually ascend that grade in full trains; t the number of tons net 
annually transported through the line, in both directions and in full 
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trains; t "  the number of tons gross carried through the line; Cthe cost 
of running a freight engine with its tender one mile; c the additional 
cost of locomotive power for each gross ton carried one mile, and h 
tile length of the road in miles. 

It will, of course, be observed that this formula is apI)lieable only 
to roads which are used exclusively for the conveyance of freight, and 
is obtained in the supposition that all the engines are loaded to their 
maximum capacity on the limiting gradient. But in all lines used for 
general travel, the passenger trains, at least, and sometimes a portion 
of the freight trains, are much lighter than the engine is capable of 
conveying on this grade. 

In order, therefore, to express correctly the aggregate ammal ex- 
penses, on such li~Tes, and to render the equation, which it is propos- 
ed to deduce, as general as possible, we must add to the above for- 
mula the cost of motive power for the number of miles traveled by 
the engines which are not fully loaded, and the expenses incident to 
the conveyance of the whole number of through passengers, which 
are not covered by the cost of power. These expenses have already 

been stated to be ph, where p represents the number of passengers 
I0O 

carried " through;"  and if we represent ~ by N'  the number of trips 
made by engines carrying passengers and less than their full compli- 
ment of freight, and by C' the cost of running such engines with their 
tenders one mile, the expression of the aggregate annual expenses, iu 
its most general form, will becmne 

( 204-'V'l' c t " 1 4 l  P ) C ' N ' + ~ C ~  + + ~ + i b - 6 + 5 0 0  h; (a) 

in which only one of the terms is affected by the value of the grade. 
This is a modification of the approximate formula (A), given in a 

previous number, and is expressed in different terms, though it yields 
very similar results. 

By means of this expression we may readily compare the merits of 
two lines, of different lengths and grades, and accommodating the 
same, or different amounts of tonnage, and determine the difference 
between their values. For this purpose we have only to substitute 
for the notation the actual values of the gradients, and the lengths of 
the two lines, and calculate by the equation the annual charges which 
they respectively involve. 

It was from this expression in the simpler state in which it maybe 
presented for application to a road on which the business is restricted 
exclusively to the transportation of freigh b that we determined, in the 

26* 
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preceding number, the sum which might, with propriety, be expend- 
ed for the reduction of the limiting gradient. But we are not to re. 
gard that expression as authorizing a diminution of the acclivity of 
the gradient, at the expense of any augmentation of' distance, unless 
the value of the increase of the distance be taken into the account. 
Any increase of the lenglh of ttle line of the improvement necessarily 
involves an increase of expense for its maintenance; for the locomo- 
tive power which traverses ib and ibr the ears which pass over the ad- 
ditional distance. The value of this increase of the annual charges 
consequent on any augmentation h'--h is obviously 

( 204-x'  14/ p ) 
C ' N ' +  2 C ~  l' + c r ' + T o ~  + ~ + 5 0 0  (h'--/,); (g) 

an expression from which we are able to calculate immediately the 
ammal value of any augmentation or reduction of the length of the 
road, and consequently ~he sum which it would be expedient to 
expend fbr the purpose of ett~eting any given reduction. 

Bat we have already seen that if we diminish the inclination of the 
maximum gradic~t any quantity x ' - -x  feet per mile, we simultaneous- 
ly reduce the aggregate annual expenses the amount represented bv 
the expression 

x ' - - x l ,  /~. zc,e--~- W 

In order, then, to determine the change in the length of the line 
which will have the same effect on the cost of transportation as any 
given reduction of the limiting gradient, we must equate these two 
qumltities, and deduce f?om the equation the value of distance, or 
h'--h in terms of the ctmoge of gradient. This operation produces for 
the expression of the quantity which we will be authorized to increase 
the length of a road ibr the purpose of reducing the limiting gradient, 
of which the ascent is ~.' feet per mile, down to any other rate x feet 
per mile, 

C h f' ( x ' ~  x) 
lo W" 20 + x' =h'--h. (I) l '  ¢ 1" 14 t p 

C'N' + ~ C  ~oW + + Yd-d-d + ii76 + 5 ° °  

The augmentation of tile length of the road adequate to compensate 
tbr any given reduction of' the limiting grade, is therefore direetly 
proportional to the original length, and reciprocally, or very nearly so, 
as Re power of the engines used in the eonveyanee of the freight. 
The greater the tonnage which ascends the limiting gradien b the 
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greater is the distance that the length of the line may be increased in 
order to reduce that gradient any given amount per mile; and the 
greater the power of the engine kept in operation at a given expense 
per mile run, the less would be the increase of the length of the road 
for the same purpose. The greater tile number of  passengers that are 
carried in light trains, and the greater the proportion of the tonnage 
which is conveyed by engines loaded below the maximum due to the 
limiting grade, the shorter must be the line and tile steeper the grades. 
The measure of all these influences is deducible from the formula, 
whicil I regard as the true equation of distance. It is expressed in as 
accurate terms as it is practicable to obtain with our present expe- 
rience. In course of time the co-efficients may, perhaps, be ad~ran- 
tageous[y modified, to suit the more precise determination of the value 
of railway constants, which we may- anticipate from the increasing 
tkcilities which are offered~ and the more accurate observations which 
such facilities will permit. 

In order to apply the formulas, we must determine the values of 
C, C' and c. Of the two first, C may be estimated, in ordinary cases, 
at three-tenths of a dollar, and C' at a quarter of a dollar; and experi- 
ment will justify the assumption of  a half mill per mile for the average 
increase of the cost of motive power, due to each gross ton added to 
the load of the engine--a fact which is expressed by" the equation 
c - - - - - ~  of a dollar. In the formula t"  is put for the gross tonnage 
of the line~ consisting of passengers and freight and the cars which 
contain both, whether attached to engines conveying full or partial 
loads. 

Let  us take the following ease for an example. The length of the 
road, by the preliminary survey, is 30 miles; the limit grade which 
the eye and judgment have established on the profile, is 40 feet per 
mile; the anticipated freight is 60,000 tons net, and is likely to be so 
divided in direction that there will be found an annual gross weighg 
of 40,000 tons ascending this limit grade. The tonnage trains are 
supposed to be full, and the gross weight of cars, freight and passen- 
gers is 1~0~000 tons. The number of through passengers is ~0,000~ 
and the power of the engines intended to be used is adequate to the 
command of 300 tons gross on a level road. Now, 

I. How much would it be good policy to expend in the construc- 
tion of this road in order to reduce the grade which limits the load 
from 40 feet down to 30 feet per mile? 

II. How much could we aftbrd to pay for the reduction of the length 
of the road one mile ? 

III. How muct~ would we be authorized to increase the length of 
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the road in order to reduce the rate of ascent of the limit grade ten 
feet per mile? 

IV. How much would we be authorized to increase the length of 
the same road in order to reduce the limit grade ten feet per mile, in 
the supposition that no passengers are to be conveyed, and that the 
gross tonnage is all conveyed in full trains, and amounts, exclusive of 
passengers and their baggage, to 120~000 tons? 

Now we have C' = ¼; C = ~ ;  c = ~ ;  l = 60,000; t '  ~ 40,000; 
l" = 13o,000, and tbr the fourth problem 120,000; p ----. 20,000; h = 30; 
x '  = 4o; .z. = 30, and W = 300. 

The appropriate quantities being substituted in equation (F) will 
give, in answer to the first problem, 

40,000 X SO x (40--SO) 
600 ----" ~ 20,000: 

or, it would be worth while to expend 20,000 dollars in grading the 
road to reduce the ascent of this limiting slope ten feet per mile, pro- 
viding we do not thereby incur any increase of the cost of main- 
tenanee, or any augmentation of distance. 

Again, by inserting the values provided by  our data in equation 
(tt) we obtain, ~br the solution of the second problem, in the suppo- 
sition that the passenger trains make two trips a day, or that N ' =  730 

7,30 ,q 20 q -  40 1,30,000 14 X 60,000 20,000 
--i- + ~ "~-~ 3o0 x 40,000 + ~ + x,----oo-5-- + -Y67 + 500 = 

2,0~7 dollars, for the annual charge incident to each mile of the 
100 

length of this particular road. W e  multiply this quantity by -~- 

to obtain the equivalent capital, which we find to be 6 33,783. 
It would be worth about $ 34,000 to reduce the length of this road 

one mile. 
Again, by inserting these values in equation (I) we will obtain in 

solution of the third problem 

3 
- -  X S0 X 40,000 (40 ~ 30) 
10 1 2 0 0  

130,000 . 14X60,o00 ~0,000 .+ 500 ) 2027 
X ~ x "  

or about fo,~r-sevenlhs of a mile. On such a road, the value of 
ten feet in the iimiting grade is only equal to four-sevenths of a mile 
in distance, although that grade is not opposed to the heavy  t r a d e ~ a  
fact which should prompt us to be on our guard when we at tempt  to 
reduce the grades of  a road by an increase of distance before we have 
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examined well into the character and amount of the trade which is to 
be accommodated. 

Finally, we shall have, for the solution of the fourth problem, 

~- × 30 X 40,000 (40 - -30 )  40 
130,000 14 X 60~000 ~ 5"-5 

1,000 +5 0 0  ! 
3 2 0 + 4 0  

3000 ~ 2 0 X a 0 0 X 4 0 ' 0 0 0 +  ¢,00~ t 

o1" about five-sevenths o fa  rnile:--showing that we can increase the 
length of this road 25 per cent. more, for the purpose of reducing the 
grade any given amount when we carry no passengers, although the 
amount of fi'eight is tile same, than when ttle road is destined, in part, 
for the accommodation of travel. This is simply to say that the value 
of distance increases with tile increase of every part of the business 
of the line ; while the value of" a gradient increases only with that por- 
tion o! the business which ascends it in full trains. 

It may be objected to the method which is here pursued that the 
calculations are predicated on data which are exceedingly ditticult, if 
not impossible, to procure, in anticipation of the experimentalresult. 
It is certainly true that such inquiries are not fi'ee from some difficulty" 
and uncertainty; and it is also true that the engineer must overcome 
this difliculty or proceed to his work entirely at random. The values 
of grades and distances turn upon these facts, and they must either be 
regulated without regard to any principle, or by these, or some similar 
equations. The application of the equations will, of course, be some- 
what inconvenient, since they compel us to know something about 
the thing we are doing; they compel us, when we propose to cut down 
a hill or tilt up a hollow, to know what it is m be done for, and to 
judge how much we shall cut, and when we shall stop. But, how. 
ever inconvenient it may be to answer such inquiries, it is not the less 
important to study the subject, and learn how to answer them by 
some better mode than mere conjecture. 

It is mmeeessary to make additional application of the formulss. 
They  are remarkably simple and obvious, and by supplying a ready 
and convenient mode of comparing different lines, or different loca- 
tions of the same line, they remove many of the difficulties with which 
every engineer must have felt himself embarrassed in the exploration 
or establishment of important improvements. They  indicate the pro- 
per and only convenient general mode of estimating the aggregate 
cost of transportation under different assumed quantities of tonnage; 
and teach us, in the location of a line, the correct value of distance-- 
in the calculation of which the cost of ti'eight is the essential element 
----and at the same time enable us so to regulate the grades that  the 
transportation may"not be improperly embarrassed, and that the eom~ 
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puny may not be induced to pay more for the reduction of the cost of 
freight than the reduction is worth. These are all matters of great 
interest, and questions which can never be overlooked by an engineer 
who faithfully performs his duty. Indeed, they must all he met, and 
maturely considered, at every step of  his progress, or the work which 
is placed under his professional charge will be found to be a failure, 
and in all probability soon pasa into the hands of assignees, or come 
under the hammer of the Sheriff. They are always objects of immense 
eottsequeace in the decision of  the great questions of general location, 
which arise in determining the proper routes fbr railroads of' great ex- 
tent, passing through districts where different lines~ having various 
pretentions, are presented, and where the comparisons of distances, 
grades, and elevations are of constant occurrence. They  are also im- 
portant where no such general choice is presented, in determining on 
the details of the location of ew~ry line. A road is scarcely ever sur- 
veyed on which there is not found some one gradient which controls 
the average load of the engine, and which it is desirable to reduce. 

The first point to be determilled, in all such cases, is the probable 
amount of trade to be transported. This is the leading fact which 
should govern all the arrangements which are to be made with a view 
to its accommodation; and the one which has probably elicited the 
least attention of all itl the construction of the raiiroads, great or sma]l, 
of this country. There are some lines which were apparently in- 
tended for the accommodation of immense quantities of freight, in the 
design for which no computation was ever instituted for the purpose 
of ascertaining the probable amount  of the trad% or the sum which that 
quantity would authorize the company to expend for the purpose of 
removing given obstructions; and there are others on which the actual 
tonnage is so small that the directors have yet been ashamed to name 
it to the public, although, in the construction of their road, they per- 
mitted arrangements to be made for its accommodation, on a scale of 
magnificence which could hardly have been justified in anticipation 
of the trade of India. More labour has been expended in the trans- 
portation of materials for the construction of  many roads than would 
have been required to effect the transportation without them of all 
the tonnage which they are destined to transmi b for all time to come. 

There is, accordingly, no return received for the absorbed capital; 
these works are faihlres, and they have failed itl consequence of the 
disrespect of the parties by whom they were destroyed, of the first 
principles which should control every  application of machinery to 
economical purposes~viz ,  to make the power proportional to the 
duty to be performed--and to expend no more mol~ey for any object 
than the value of the object will warrant. Had this simple maxim 
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been kept constantly in view in the prosecution of the enterprises 
which, in this country, have characterized the last twelve years- -and 
been made the test of  every plan and every arrangement~there  
would have been no ruined companies, no railroad auctions, and pro- 
bably uo failures. 

In discussing the important questions incident to this subject, the 
object has been to obtain litir average values of the points at issue, 
and to deliver the results of  the iuvcstigation as free from atgebraieal 
expressions as is consistent with the llccessary accuracy. In this view" 
several quantities, of  subordinate consequence, have been overlooked, 
and the investigation is made to turn upon the essential considera- 
tions which rule the result. And d~is is sultieient; tbr it is ia vain to 
hope tbr the at ta in  ment of perfect a c c u r a c y  ill questions of  this nature~ 
where much uncertainty always prevails in the determination of the 
value of the data; and the solution which comes within 10 or i5 per 
cent. of the mlth possesses all the accuracy that is necessary to insure 
the requisite eonfide12ce. It  is not to such errors that companies may 
trace their destruction; but to the utter and entire disregard of all the 
essential (luantities, circumstances, and Cmlsiderations~ on which suc- 
cess was dependeut. 

The ruling fact, which ought to control ever)." movement  and every 
plan, is the number  of tons to be eonw~yed one mile. This quantity 
is made up of'the absolute tommge aml the lengd~ of fhe line. I f a  
locomotive engine of 50 horses powt r  I,c capable of c onveyiug the 
daily trade on a road 50 miles lollg, it follows that "m engitm of tire 
horses power will be adequate lo the COllVcyatlee of the same tonnage 
on a road live miles long. And if an engine of 50, or any other n u m -  
ber of horses power is able to aecornplish the whole labour required 
on the first road, the same engine will be occupied but one hour out 
often in doing the work of  the second road. The shorter road, there- 
tbre, requires less power~eng ines  of  less weight--rai ls  consequently 
of less s t rength--and admits, as we have seen, of steeper grades. 

hi  short, the number od" tons to be carried, and the distance which 
it is lo be carried, control the grades, establish lhe loealion, and de- 
termine the l)ower; the power required fixes the weight of  the engine 
which supplies it; the weight of lhe engine rules the strength of the 
rail by which it is supporled, and the strenglh of  the rail limils 
the weight of  the ear and its load. 

There are certain obvious relations between the duty to be perform- 
ed by the road and the capacity of the improvement,  and the power  
of the machinery to be applied on it ; and if these relations be not re- 
spected, both in the general design, and in all the detail, it can only 
be by sheer accident that the enterprise is successful. 


